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! SUMMARY OF PROGRESS

Configuration Refinement

The principal effort during the past twe months has beern directed
toward validating the aerodynamic efficiency (L/D), that was the
basis of the performance calculations presented in the September

6th Phase III proposal documentation, and improving the longitudinal
control characteristics., Bcth of these objectives were achieved

and the configuration improvements responsible are embodied irn

the Model B-2T707-100 as Jescribed in document V1-B2707-5, which

vas submitted to the FAA on November 1k, 1966.

Wind tunnel testing conducted during the past two months has proved
an /D = 8.2 for the Mcdel B-2707-100. The aerodynamic improve-
ment 3 that were made included:

1. Revised wing camber and twist, providing lower dreg-due-to-
1ift.

2. The incorporation of a twin-aisle pessenger cabin arrange-

ment; resulting in an improved body shape with lower wave

dreg and reduced sonic boom.

Improved elevon actuator arrangement, permitting elimina-~

tion of sectuator protrusions with resulting lower drasm.

Positioning the G.E. engines rearward resulting in lower

drag.

W)
.

Foe

Longitudinal control has been improved by:

1. Increasing elevon area by 12 percent, which produces nore
control authority.

2. Changing the landing wing sweep position to 20°,reducing
trim requirements and improving centrol capability.

3. Incorporation of a direct lift system utilizing spoilers,
vwhich eftfects improved flight path control for approach end
landing.

4. Locating takeoff CG between 61 and 62 percent, which pro-
vides more than ample control for takeeff rotation with the
changes noted gbove. The B-2707-100 incorporates a CG
indicating device employing lending gear strain gages for
accurate plecement of the CG during airplsne losading.

Configuration Management

The Model Spenification and Subsystem Specifications are currently
being updated to acccmmodate the B-2707-100 configuration and the
FAA corments pertinent to the September 6th Phase III proposal

doc .~ .- - ion. Revised specifications are scheduied for FAA sub-
mi- . © “he end of December.

D6-18110-8

wenpeTLEy mv?(;‘*m'm. e e

o

P




TR

v Taint

g

Ca)

¢
g

A,;ff"w'w R AN O SN
W L r T 1]
. ,
v“ ! 4y

T

SUMMARY OF PROGRESS (continued)

Wing Pivot Bearing Development

Extensive testing is continuing on the two~inch wing pivot bearing
test program. One of the bearing materials tested appears to have
outstanding wear charecteristics based on preliminary test results.
It is a teflon-dacron bearing utilizing a Reichold A5500 adhesive
developed by the Rex Chain Belt Company. This bearing accumulated
1,846,000 cycles before failure, which is the highest number re-
corded to date for any bearing tested. ¥

Flutter Test Program

Testing of a 1/20-scale flutter model in the Langley Research
Center 16-fout Transonie Uynamics Tunnel was completed in October.
Both 72° and 42° wing sweep positions were investigated. The model
successfully withstood higher dynamic pressures than those
represented by 1.2 V scaled boundaries with no evidence of flutter.

Failgsafe Testing

The second failsafe test on the Ti-6A1-4V lower surface of the full-
scale wing box test section has been completed. A broken stringer
wes simulated by incorporsting a saw cut in the stringer. A design
failsafe load wes applied without incident. Subsequently, saw cuts
were progressively added in the skin in the vicinity of the cut
stringer. Upon application of design fuilsafe loads, a skin crack
extended into fastener locations at adjacent stringers and was
arrested. The test has demonstrated that the number of cycles re-
quired to extenfl cracks is more than ample to allow detection by in-
spection and that failsafe loads can be sustained on severely
Jemaged sections withcut producing catestrophic effects.

Engine Inlet Development

A series of 1/10-scale inlet low speed performance tests were con-
ducted in late November. The test model simulated the B-2707-100
configuration end the Phase III proposal inlet. Substantial inlet
verforr ance improvements over previously tested configurations
were n.:ed. The three major reasons for the improvements are:

1. Improved takeofi duvor design.

2. Aft movement of engine and inlet, providing improved wing
flep-inlet relationship.

3. Improved flow chennel through wing flap contact.

The tests indicate no distortion or turvulence which would cause

engine performance losses during takeoft, landing, or go-around with
flaps down.

p6-16110-8
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i DESCRIPTION OF TECHNICAL PROGRESS
10 AIRFRAME -~ GENERAL

1001 System Integration

10011 CONFIGURATION DEVELOPMENT

The primary objectives of configuration development in work
this period were improvement in cruise lift-drag ratic end in iow speed
longitudinal control of the B-2707. Moving the engines aft, changing
the body contours, changing the wing shear, and eliminating the eleven !
actuator fairings reduced the cruise drag coefficient by about 0.0007,
bringing the L/D up to 8.2. Marked increase in longitudinal control at
low speed was achieved by providing a 20° wing sweep position, pesition-
ing of the CG at & near-optimum tekeoff lncation, and the use of direct
1lift control by spoiler modulation in final approsch. These deveiop-
ments were reported orally to the FAA on 28 October and 1 November;
and incorporated in Document V1-B2707-5, "Model B-2707-100 Descriptiom,"
submitted 14 November.

The CG control work has continued. Practicability of ground CG
indicatior by strain gage instrumentation of 2ll five landing gezar units
or by the nose gear alone has been verified. Study work is proceeding
on failure modes and reliability of an automatic CG control.

1001k PERFORMANCE ANALYSIS

Wind tunnel testing during the past 10 weeks has proved drag
polars which completely verify the payload range performance submitted
in the Aerodynamic Design Report Document V2-B2707-3 on September 6.
Anelyses of the FAA wind tunnel model test results have permitted ver-
formance calculations which essentially agree with the September datsa.
All of the new performsnce dsta (including the effect of new Genersl
Flectric engine data submitted to Boeing on October 7} was presented
to the FAA on November 14 ir Document V1-B2707-5 Model B-2707-100
Description.

1002 Design Analysis
10021 AERCDYNAMIC ANALYSIS

(1) Takeoff and Lending Configuration

Detailed analyses have been made of three lovw speed wind tunnel
tests of the FAA wind tunnel model (Boeing designation SA-981). These
tests performed in the Uniersity of Washington wind tunnel durlirg
August, October, and November have provided the basis upon which perform-
ance, stability, and control data have been verified for the B-2707 and
B-2707-100. Data obtained froa these tests have been presented in Docu-
ment V1-B2707-5 (Model B-2707-100 Description) and in Boeing Document
D6A10433-1 (B-2707 Longitudinal Contrcl Refinement Program). These
documents show the results of the low speed wind tunnel tests in terms
of takeoff and landing performance and low speed control effectiveness.

D6-18110-8




III Description of Terhnical Progress (continued)

(2) Cruise Configuration

Document D6A10432-1 (B-270T7 Cruise (L/B) Verificetion Program)
has been expanded tc include analysis of recent supersonic wind tunnel
results. Extrapolation of wind tunnel data to futll scale, trimmed, air-
plane conditions has shown that the configuration modifications described
in Document V1-B2707-5 have yielded drag improvements such that the lift/
drag ratic levels assumed for performance calculations, througn the
supersonic Mach pumber ranges, have essentially been met or exceeded.
In eidition to the data extrapolation, the additions to Document DEA10#32-1
include e complete description of wind tunnel model geometry and comparison
with the airplsne; and also a comparison of wind tunnel results with
+theoreticel enalyses.

30023 STABILITY AND CONTROL

Studies conducted since submittal of the B-2T0T7 Phase III Pro-~
posal have resulted in large imprcvemente in longitudinal control cepa-
bilities. The B-270T7 has been modified to incorporate revised center-
of-gravitr management, reduced wing sweep for lsnding, Direct Lift Control,
and & redesigned actuation system for the tip elevons. These modifica-
tions ensure satisfactory control for all flight cenditions including
operation following failure of two hydraulic systems. The modified sir-
plene (designated the B-2707-100) and the improved longitudinel control
capabilities are described in Document ViI-B2707-5, "Model B-2707-100
Description", November 14, 1966 and in Document DEA1CGL33-1, “B-2707
Longitudinel Control Improvement Program.®

1002% AERODYNAMIC WIND TUNNEL TESTS

Aerodynamic testing during the October-November period ard pro-
posed through December is shown on the schedule chert, Fig. 1. Wind
tunnel occupancy time for aerodynamics totaled 537 hours during Getober
and November,

(1) Tests Completed

University of Washington Aeronauticsl Lsboratories {UWAL) Test
No. 872, SA-981 E-1, .0367 scale. Tested October 17 through 22. Pur-
pose: To improve lsnding longitudinal pitch control st forwerd CG
jocations.

UWAL 875, SA-981 E-2, ,0367 scele. Tested November 19 through
23. Purpose: Evaluate landing performance of B~2707-100 configuration.

Boeing Transcrnic Wind Tunnel Test No. 1005, SA-868 M-4, .0S55

scale. Tested November 1k through 21. Purpose: To continue boundery
layer control developmen: using 31 span, lesding edge blowing.

_D6-18110-8
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WIND TUNNEL, MODEL
¥UMBER AND DESCRIPTION

CT Nov DEC

LOW SPEXD

SA-G81E-1 .0367 Scale
Pitch Control Improvement Studies

SA-981E-2 .0367 Scale
B2797-100 Landing Config. Evaluation
SA-B68M-1 )

Full Span L.E. Blowing Studies

B8 |uwaL

EE | UWAL 8

872
i

ITwr 10

75

TRANSONIC

SUPZRSONIC

SA-9961-k .0152 Scale
Cruise L/D Verification Program;
B2707-100 Configuration Development
SA-9831-1 .015 Scale
Stavllity & Control Improvement Program
B.L. Transition Studies

SA-9661-k .0152 Scale
Directisnal Stability Improvement

Sa-8411-23 .0162 Sczale
¥ing-Tail Slot, Spoiler Study
SA-9681-1 .015 Scale
Aeroelastic Eflects Madel

§ §Bswr
|

E |BSWT

!

y
2

311,373
i, BSWT 3

3k

¥ Bswr 37

-
v

75,376

;)

New
.

LI

Figure 1. Aercdynamic Wind Tunnel Test Schedule

Tests
Completed

Tests

Plamned




IIT Description of Teahnical Progress {continued)

1002k  Aerodynamic Wind Tunnel Tests (continued)

Boeing Supersonic Wind Tunnel (BSWT) Test No. 371, SA-$66 I-L,
.01523 scale. Tested Octoher T througu 12. Purpose: Initial testing
of L/D verification program.

BSWT Test No. 373, SA~966 I-4, .01523 scale. Tested October 2k,
25, and 28 through 3i. Purpose: To conclude L/D verification program
and eveluate B~2T07 speed growth potential to Mach = 3.8,

BSWT' Test Nc, 37k, SA-983 I-1, .015 scale. Tested October 26
through 28 and 31. Purpose: Stability and control improvement program
and initial boundary lsyer transitiocn studies.

BSWT Test No. 375, SA-966 I.lL, ,01523 scale. Tested November 8
through 11 and 30. Purpose: To develop high speed B-2707-100 cunfigura-
tion.

BSWT Test No. 375B, 5A-966 I-h, .01523 scale. Tested November
22 and 23. Purpose: To evaluate directionsl stability improvement
potential of forebody strakes.

(2) Tuture Test Piamning

Future plans include testing a model which incorporates the
wing-tail slot into a spoiler design for improved lateral control. A
nev model (SA-968) to study high specd aervelastic effects is also plan-
ned. Farther B-2707-100 configuration development tests will be con-
ducted as reguired.

1003 Maintainability

The principal Mainteinability effort during this period

kas been in support of design improvement engineering for the
b-2707-100 configurstion.

10030 GENERAL

Meintainability test requirements for the Flight Ccatrol System
Simulatcr vwere prepared for inclusion in the Flight Control System Simu-
lator test program. These test reguirements include an eveluaticn of
AID3 parameters end sensors, and en evaiuetion of maintenance require-
ments of FCSS Hardware.

06-18110-8
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III Description of Technical Progress {continued)

10030 SENERAL (continued)

Maintainebility personnel participsted in f~ - conferences
during this reporting period.
o Review of B-2707 Maintaingbility and Reliability Program with
American Airlines technical staff at Tulsa.
Reviewv of United Airlines current maintenance program with United
Airlines personnel at San Francisco.
e Attended the Federal Aviation Agency Structural Reliability Symposium

in Washington D.C.

e Attended the Air Transport Association Engineering and Maintenance
Conference in Los Angeles.

10031 MAINTAINABILITY ANALYSIS

Revision A of Document D6A10265-1, "Maintainebility Analysis,"”
was released to incorporate new data with respect to the eirframe sub-

system. The change was negligible and had no significant effect in the
originally reported results.

Maintainebility analysis summary data was updated and charts
were prepared for inclusion in D6A10k69-1, "SST Progrem Progress
Report - Reliebility and Maintainability," covies of which were left
in Washington on October 28, 1966.

Two procurement specifications, the Air Induction Control
Pressure Transducer Specification 60410036 and e Preiiminary MLG wheel
and Brake Specification 60A10026, were reviewed for maintainability re-
quirements. Maintainability analysis dats including Task Identification,
Task Time, Task Frequency, Identification of Support Resources, Manhours,

and Material Costs for Repair and Overhaul have been requested cf the
suppliers.

Mainteinsbility inouts have been made for several trade studies.
10032 MAINTENANCE ANALYSIS

The meintenance agnalysis is being reviewed for possible changes
dre to the B-2707-100 configurstion. More detailed procedures for accom-
rlishing and integrating the Phese II maintenance analysis are being
developed.

10033 MATINTAINABILITY STUDIES

Document D6A103L42-1, "Evaluation of the AIDS for the SST,” was
released. Copies of this document have been distributed to the FAA and
interested airliines.
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III Description of Technical Progress (continued)
1004 Reliability

10040 RELIABILITY-GENERAL

The existing msnual on the Automatic Reliability Mathemetical
Model (ARMM) is being revised to bring it up to date, &nd to make it
more useful.

The Fleet Integrated Reliability Math Model (FIRMM) is being
documented. '

Existing Boeing programs are being examined to determine if there
are portions of them that could be adapted as supporting sudbroutires for
ARMM, and FIRMM.

10041 RELIABILITY DESIGN SUFFORT

Reliability Analysis Documents, D6A10064-1 to D6A10064-1T have
been reviewed for consistency. Allocations have been revised below the
sub-systen level In relation to the complexity of the proposed hardware.
Reliability Analysis Documents will be reissued (or replacement vages
provided) to reflact these minor revisions. The following revised
documents have been released:
DEALOOEL-L(B) Reliability Analysis Document - Automatic
Flight Controls ’

D6A1006L-5({B) Reliability Analysis Document - Communications

D6A1006L-6(A) Reliability Analysis Document - Electrical and
Lighting

D6A1006Lk-10(A) Reliability Analysis Document
Power

D6A1006L-11(A} Reliability Analysis Document

D&A1006L-12(B) Reliability Analysis Document
Flight Instruments

D6AL006L-15(A) Reliability Analysis Document - Air Induction
The following document has also been released:

D6A10064-18 Roliability Test and Evaluation Planning Data

¢

Hydraulic

Landing Geex
Navigation and

Development of the FCSS Test Plan, D6A10O4L1-1, was supported
with an integrated input from the Design Support organization for

Religbility, Maintainability, Safety, and Human Engineering considera~
tions.

10042 RELIABILITY ANALYSIS

Subsystem dispatch reliability allocations, previously specified
only in maximum allowable delay frequencies, have been further asllocated
in terms of allowable dispatch criticsl item feilure rates and mean
unscheduled task times for level 3 of the Work Breakdown Structure. This

was dene to provide more definitive deslgn guidance, as well as to allow
pore effective design assessment.
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III Description of Technicsl Progress (continued)

100k2 RELIABILITY ANALYSIS (continued)

Preliminary copies of Document DOAIOLuLY-1, Supersonic Transport
Program Progress Report - Reliability and Mesintainabtility, were provided
to sone FAA management personnel during en oral discussion in Gctober.
The document will be released and distributed through normal channels
during the next reporting perind. Among the significant data summarized
thevrein is a trade study relating high 1ift capsbility with tires and
brakes in dispsateh reiigbility terms. The study shows that speciel
features of the Boeing design associated with the variasble sweep wing.
high lift capability, and flaps cen be expected to resuit in approxi-
mately 0.3 delsys per 1000 departures due to these items. However, due

o
o
v

SR

D
7K

to the low landing speeds and consequent gains due to reduced tire and §§
brake wear provided by these devices, the study shows these features I £
produce a net return in terms of reduced deley at a 12 knot or greater =
landing spe=d reduciion compared to the lending speed possible without %
these featurss, with other consideraticns remairing constant. §

g
1006 Configuration Management %

The September 6 issue of Model Specification D6-17850, and the

subsystem specifications are being updated for resubmittal to the FAA on
December 31, 1966. The specification revisions include the incorporaticn
of airplane gusrantees, the B-2707-1C0 configuration details, aand the
Boeing action in response to gquestions end comments submitted by the FAA
on November 28, 1966,

; LW&E

73

1007 Product and System Scfety

1)

10070 SAFETY GENERAL

.
i
b
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The development of cverating procedures and cther commend
medis hes been continuing. A Division Directive has been completed and
submitted for management avorovsl., This directive implements Corporste
Poliey LEl concerning produst and system safety engineering, and
esteblishes an SST Division Safety Program as & management discipline
directzd toward product excellence,

AL
i

LN

[
oy

The 8ST systenm safety program has been strengthened through var-
ticipation in meetings and seminers with Company, national, aud interna-
tional safety orgenizations. A paper titled, "SST System Sefety Program"
by aA. T. Curren end C. B. Stewart, The Boeing Company, was preseated by
Mr. Curren to the CASI/ATAA/CGASC Aviation Safety Meeting at Toronto,
Canada, Octcber 31, 1966.
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III Description of Technicul Progress (continued)

10070 Safety General (continued)

A membar of the SST System Safety orgenization attended the
Flight Safety Foundation 19th Annua) Internstional Air Safety Seminar,
15-13 November at Madrid, Spain.

el e it
il NG

Bhhen

i
e

A Boeing inter-divizional System Safety Engineering Seminar
was held October 1¢ =t Seettle to exchange idees and establish methods
for collection and dissemination of safety data.

10071 DESIGN SUPFOERT

A system is being develoved for anelysis of accident and
incident data. Cause factors may be correlated to specific airplane
design characteristics on a statistical basie. Taus, design criteria
based on operational experience can be made available to designers.

Engineering studies are being made of results of the FAA/Air
Force program monitoring cosmic radiation usir, che modified RB~5TF
airplane, Twenty-five flights were flown during October and November
using insiruments fabricated by Solid State Radiations Inc. (SSR). The
president end the project engineer of the SSR visited Boeing on
November 15 and explained their instrument and the recording methsds.
Contact with Air Force personnel has indicated tkat cosmic activity has
been recorded by the RB-57F experiments. Daily reports are received on
Sun spot, flare, and proton activity from a world-wide network. A
system is being developed to analyze the coded messages and to determine
their spplicability to airline dispatch use. The sccuracy of warning
from this network will be judged by data from the RB-STF flights.

10072 REQUIREMENTS ANALYSIS

. The configuration alterations of the B-2707-100 described in
Vi-B2T707-5 have required an updsting of the compressor and turbine aisc
failure study. This effort is underway, and will include a fault iree
of possible structure penetretion ensuing from disc failure.

Results of this fault-tree anslysis will be used as a besis for
establishing optimum configuration (and redundancy) for eriticel ccmpo-
nents currently in the potential spray path for disec failnres.

D6-18110-8
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1TT Description of Technical Progress {continued)

1008 Moterials ond Processes

Fuel Containment

Physical properties of en improved fluorosilicone fuel sealsnt
have teen measured after heat and fuel exposure. Results obtsained on
9k-002 under the sam2 conditions are listed for comparatire purposes.
Kecults are given in Table A. The perforrance of Dov Corning 9%-512
substantiates earlier predictions for significant edvances in fluoro-
silicone sealant technology. After 15 cycles of fuel and heat {500°F)
exposure as indicated, the properties of 94-512 were essentially un-
changed.

Table 4 3ealant Propecties

-

Sealant Material Physical Property Cveles®
0 2 o 16 15
Dow Corning Durcmeter, Shore "A" 50 46 ks Specimens
94-002 Tensile Strength, psi 600 565 kS50  Crumbled
Ultimete Eiongstion, %! 250 190 230
Dow Corning Durometer, Shore "AY 30 23 31 29 32
94-5312 Tensile Strength, psi 290 220 225 220 2ko

Ultimaete Elongation, #| 30C 280 280c 300 250

* One cycle consists of: U48 hours at 250°F in JP-5, followed by 96
“ours at S500°F in fuel vapor and nitrogen.

Electricaelly Conductive Coatings on Glass

The vapor deposited gold coatings which sre proposed for use c¢n
The Boeing 2707 are generslly considered to be guite fragile. The sus~
ceptibility te damege by routine maintenance was investigated by subject-
ing 5 specimens of gold coated glass to L0 wash cycles euch using a
typical eirline and Boeing te¢chnique. The bus-to-bus resistencz of the
coatings was measured between tests and was found to remain constant.,
Tne gold coated surface is expected to be subjected to only 10 to 15
washir.gs during the service life of the airplane.

Although the resistance was unchanged, a few small, bright
colored spols appeared in the coatings between the tenth and fifteenth
washings. The yellow color of these spots implies that the siiics over-
lay had been removed from these spots, exposing the gcld beneath. With
centinued vigorous cleaning, however, the spots did not emnlarge, nor did
their number increase; therefore, the gold coatings are practical for use.

D6-18110-8
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ITI Dezcription of Technical Progress (continued)
1008 Materisls and Processes (continued)

Exterior Finish
Four candidate exterior paints which psssed previously reported

screening tests are nov being tested under simuiated SST flight conditions.
The test chamber is cycled between room conditicns and flight conditiens.
Simulated flight conditions are L30°F temperature, 30 torr pressure, and
ultraviolet radiation of an intensity and spectral distribution equiva-
lent to one sun at 70,000 feet altitude. Temperature and pressure are
mainteined for two hours each cycle. Ultraviolet exposure is for one
hour each cycle. To date 200 cycles have been completed. ‘Specimens were
examined after 13 cycles, after 103 cycles, and after 200 cycles. All
specimens were originslly white and showed slignt yellowing after 13
nsycles, which increased slightly at 103 cycles. No further increase in
yellowing was noted after 200 cycles. The De2Soto paint showed fine

racking after 13 cycles. The cracking becsme progressively more severe
as testling continued. The Midland paint, uncrzcked after 13 cycles,
showed severe crazing end flaking after 103 cycles. Short, very fine
cracks were found on the Rinshed-Mason paint after 200 cycles. To date,
no cracking has been found on the Markel paint.

Emittance of Titanium

During & study of the infrared reflectance spectrs of titanium
surfaces, the emittance of Ti-6A1-4V was calculated as a function of
temperature over the range from TO°F to 1700°F. The results are of .
interest for the SST and provide a ba.is for thermal calculations.

Both the total hemispheriral emittances and the total normsl
emittances were calculsted from thecretical equations and the known
electrical resistivity of'the alloy. The celculated emittances are
compared to available erperimental valves in Table B,

The one experimental value for the total hemisphericel emittance
checks closely with the celculated value. This value was determined on
& freshly atched surface. The Lion Optical Surface Comparator was used.
The experimental \<lues of the total normal emittances show greater
deviation from the .salculated values. However, below 800°F, the experi-
mental and calculated curves are parallel, A total radiometric method
was used for these determinations, which were performed on a polished
surface. Such surfaces frequently show a higher emittance than freshly
prepared surfaces due to a thicker oxide film on the pclished surface.
Avove 800°F, the experimentel valves deviate further from the calculated
values due to an increased oxidation rete in air.

D6-18110-8

NG R v |




ITI Description of Technical Progress (continued)

1008 Materials and Processes (continued)

Table B Ensittance of Ti-6Al-4V

Temp. Total Hemispherical Total Normal

(°F) Theory Etched (Exp.) Theory | Polished (Exp.)*

70 0.15 0.15 0.12 0.16

200 0.26 S 0.1k 0.17

400 0.13 ——— 0.16 0.20

600 0.20 —— 0.18 0.22

800 c.22 SO 0.19 0.24
1000 0.23 —— 0.21 0.31
1200 0.2k —— 0.22 0.55
1400 0.25 —— 0.23 ——
1600 0.26 —— 0.24 ————
1700 0.26 —— 0.24 ——

* "Thermal Radiative Prcperties of Selected Materials," DMIC, Report 177,
Vol. 1, Nov. 15, 1962,

Extreme Tempersture Grease Evaluation
Three candidate greases for extreme temperature use have been
evaluated in rolling element beerings at 450°F. These greases are
Krytox 240AC (formerly designated PR24OAC by the DuPont Company), Chev-
rcn Reseerch 66R-6715, and Marlin Rockwell EG551. They were selected
on the basis of preliminary screening tests of candidates greases using
a four ball friction and wear tester. Resulis of the screening tests
have been presented in earlier progress repcrts. The bearing tests show
that the Krytox 24OAC grease provides lubrication of the LLOC stairnless
steel test bearings for the longest time under oscillaetcry motions. Test
results using an AN200K5ST full complement shielded ball bearing tested
under a 1405 pound racdial load (k2% of rated capacily corrected for LLCC
stainless steel at 450°F) are shown ir Table C. When an AWSAK bearing
lubricated with Krytox 2h0OAC grease was tested at 450°F under a radial
load of 17% of rated cspacity (spproximately one-third the load used in
the tests discussed above)}, 1,200,000 cycles {1000 hours) were obtained.
Terque did not exceed 1.0 in-1b and the bearing appeared to be in ex-
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IXI Description of Technical Progress (continued)

S

1008 Materiale end Processes (continued)

cellent condition after the 1000 hour test. This shows thai much
longer bearing life can be obtained with the Krytox 2L0OAC grease
if the loads are reduced.

pjnu

Table C Greaze Performance Life in 440C Stainless Steel
AN200K5ST Shielded Bearings at 450°F

Radial Load - 1405 1b (42% of rated capacity, corrscted
for 44O stainless steel at L50°F)

Thrust Load - O

it S e

Motion - Oscillatory at + 20 degrees and 20 cpm

Life
Grease Remarks
Cycles Hours

| et

Krytox 2BOAC*, |509,520 386 Bearing outer race broken, grease
DuPont Co. appeared to retain lubricity

66R-6T15, 326,000 | 247 Test stopped due to high torque,
Chevron Research . bearing badly worn
Co.

boncoad  Jpocs |

G 551, 100,700 15 Grease carbonized
Marlin Rockwell
Co.

[

# Formerly designated PR 240AC

Low temperature torque tests have been conducted on the Kryteox
2LOAC end Chevron Research 66R-6715 greases using the ASTM D-1L478 test
methed. In these tests, starting and running torques were determined at
-30, -b0, and -50°F using 204 size ball bearings (20 mm bore) in which
the race cavity is completely filled with the test grease. The lubri-
cated bearings are soaked at these temperatures for one to two hours tec
ensure that they gre at test temperature. Starting torque is teken es
the maximum torgue at the start of rotation and running torque is the
aversze value after ten minutes. Values found in these tests are shown
in Table D and indicate that low temperature torques of bearings lubri-
cated with Krytox 2LOAC end Chevron Reseerch 66R-6715 greas=s are high.

n6-18110-8
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ITI Description of Technical Progress {continued)

1008 Materials and Processes {continued)

Tobfe D Low Tempsroture Torque of Greuse Lubricated Bsarings - ASTHM D-1478

Tempersture, | MIL-G-27549 DuPont Chevron Leseerch
oF Grease* Krytox 2ECAC 66R~-6715
Starting
Torque, g.-cm ~30 ~— 3,717 1,652
-40 —— 1,151 8,585
=50 —— above 16,520**l abova 16,520
-65 5000 — c—
Running Torgue,
g.-cm =30 — 2,124 1,652
-bo ~—— 7,375 7,139
~50 - sbove 16,520 above 16,520
-65 N500 — ——

*¥ Added for reference only

#% Segle limit is 16,520 g.-cm
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1IT Description of Technical Progress (continued)

1008 Materials and Proceszes (continued)

These values emphzasize the need for & dusl lubricant system in which a
dry film or lubricent ccmpact does the job at subzero temperstures and
the greases take over as the temperature increases. This type of system
is bveing investigated.

Eveporation tests were conducted at 450°F to obtein an indice-
tion of the thermal stability ol the greaser under study. These tests
vere conducted by spreading apprcximately 15 grams of gresse uniformly
acroes the bottem of a 50 ml beaker. The beaker containing thre grease
ves weignted to the nesrest 0.001 g. and placed into a forced convection
oven maintained at 450 * 5°F, The grease samples were reweighted at the
end of 1, 3, 7, and i% days and weight losses of the grease determiued.
The evaporation data obtained for the Krytox 24OAC. Chevron Resesrch
€6R-6T15, and four other cendidute gremses are _hown in Fig. 2. These
data show that the Krytox 2LOAC and Chevron Research 66R-6715 grease
(both of which contain perflaorinated o0il base stocks) have the least
weight loss due to evaporation or thermal decomposition at 450°F,

Wing Pivot Two-Inch Brering Program

The test resultz shown in Teble E on 2-inch-bore teflon woven
sournal beerings were obtained since the September report. Of particular
interest is test No. 303, a vepdor fabricated bearing. This bearing
uses s proprietary curing cycle developed by Ren Chsin Belt Co. The
excellent long life of specimen No. 203 indicetes a potential capability
for this type of Bearing-adhesive System. Tt is noted that the adhesive
without this cure can exbibit an extremely wide scatter range; however,
further develomment work is planned to establish long life, reproduci-
bility, and system reliability.

“ibration and. Oscillation Bearing Tests

Pour tests have been run to determine the resistence of teflon-
fiberglass fabric bearings to simultanecous reversed losding and shaft
oscillation conditions. Two of these tests have been completed.
Results aand test conditions are shown in Tgble F.
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Toble F Bearlny. Tests !

Reverse g
Load Fyeg.! Shaf Totel Total |[Total
Bearing | (sinu- Ozc¢ill.| Shaft | Reverse Shaft |Radial
Load Temp. | soidal) Fireq. {Cscill.| Load Oseill. {Play
M (psi) (°F) (cps) (cPM) le | Cycles {Cycles {(Inch)
- [Z> 7000 150 20 26 ! . 12,937,060] 233,334 |.01k0
- + 5000
| 2> 0 + 5000 | 450 10 20 «1,k80] 97,852.0079
2> 0 + 5000 | 150 20 20 £ 27,6001 1,125.0046 @-
b 0 + 50001 300 10 20 +30° ‘ 753,640] 24,09%].0037 [>»

R

Load applied to one side of bearing only.

Losd applied to opposite sides cof bearing.

Test stopped because bearing was loose in housing.
Bearing has not failed.
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IIT Description of Technical Progress (continued)
1008 Materials and Processes (continued)

Titanium Net-Section Extrusions

A Joint effort is being conducted withk the E. M. Harper Company
to improve the surface finish of titanium extrusions. 1In this program,
Boeing will supply & glass thet will serve as a protective coating dur-
ing heating of the billet and as a lubricent while extruding. The H. M,
Harper Compeny will furnish the billets and -extrusion equipment.

Effect of Mschining on the Fatigue Life of Ti-6A1-LV

A preliminary evaluation of the effects of various machine sur-
face finishes and edge preparation methods on the fatigue life of
T{-6A1=-4V, solution treated und aged at 1250°F, has been completad,
S-N curves for chemical milled (RHR-1k4), ground {(RHR-30), peripheral
milled (RHR-250), peripheral milled (RHR-25), face milled (RHR-25), face
milled (RHR-10), end miiled (RHR-250), end milled {RYR-125), and end
milled (RHR-50), were determined using reverse bending flexure, un-
notched fatigue specimens. '

Preliminary observations show that (1) grinding grestly reduces
fatigue life, (2) machined surfaces with a 63 RHR or better surface
finish are essentially equivalent in fetigue life, (3) peripheral
milied surfaces up to 250 RHR surface finigh are equivalent in fatigue
1ife to 53 RHR or better surfaces prepared by the other methods tested,
and {4) there is an sbrupt decrease in the fatigue life of end milled
surfaces rougher than 63 RHR.

Edge finishes were evasluated in tension-tensioa fatigue using
a 0.090-inch thick unnotched specimen. S-K curves at R = 0.06 were
determined for peripheral milled, peripherasl-milled and sanded longitudi-
nally, peripheral milled and sanded transverse, blanked and hand debur-
red, blanked and vibratory deburred, and machine nibtbled and hand
deburred specimens. The dats indicates that (1) blanking seriously
reduces the fatigue lifec, and (2) sanding transverse teo the specimen
uxis causes gome reduction in the fatigue life of the peripheral milled
surface finlsh although probably not sufficient to be of concern cn
built up structure.

Mechanical Joint Studies

Ti-6A1-4V Rivet He ability
4n evaluat_on of the effect of heat treatment on the headsbility
of titanium alloy rivets was made using flat heading dies. The resulis

D6-18110-8
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III Description of Technical Progress {(continued)
1008 Materials and Processes (continued)

show that the headability is meterially affected by heat trestment.

For example, Tsble G indicstes that there is a 1.60 ratio in the
required load to crack the meterial heat treated at 1350°F for b4 houra
and furncce ccoled to 1050°F and that heat treated at 1500°F for U hours
and air cooled. This method of testing 1s preferred over the formed die
heading operation because of lower heading force requirements and
better uniformity of data. Similar tests condueted with the formed

die show an increase of approximately L0 percent over the flat die
cracking force.

Table G Effect of Heat Treating on Flot Die Hoadlng,-‘ %" Dicrmeter Ti-6A1-4Y Rivats

Load to Crack
Heat Treatment (1v)

1350°F - b hours, furnace cool. 31,000
1050°F, air cool

1500°F - 4 hours, air cool 20,000
1500°F - 4 hours, water quench 19,500

1650°F - 1 hour, furnuce cool 30,500
1050°F, air cool

A286 Rivets

Additional exposure tests of lap shear specimens conteining
menual and precision drilled holes have been completed. The precision
holes were drilled and reesmed with a jig borer to 0.2550 #+ 0.0005 inch
and burrs were removed by hand honing and polishing. The msnual holes
were drilled with an air motor to 0.252- to 0.256~inch tolerance and no
reaming or deburring was permitted. Holes purposely were out of rouad
and the surface was scratched and rifled.

Figure 3 shows the effect of heading load, hole preparation,
and exposure on Joint fatigue life. Figure I shows the fastigue life of
unexposed specimens headed with the same loads. After exposure, the
fatigue life is generally reduced, and the fatigue life difference
between specimens containing rivets headed at 24,000~ and 32,000-poand
load is elso raduced. TFinelly, the rivets instsalled in menually drilled
holes exhibited a fatigue life as good as those instelled in precision
holes. This indicates that hole preparation mey not be criticel.
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II1 Description of Technical Progrees (continued)
1008 Materials and Processes (continued)

Fluid-Tight Rivet Eveluat on

Room and elevated temperature sealing characteristics of
squeezed and gun driven A-286 and squeezed Ti-6A1-4V rivets were evalu-
ated with regard to hole size, installation technique, and countersink
head configurations. The evaluation was conducted by fatigue testing
a four rivet lap joint specimen (see Figure 5) of 0,090 inch
Ti=8A1-iMo-1V with the edges sealed and fuel, or simulated fuel, under
14.5 psi pressure imposed at the joint interface. The fatigue losading
irvolved 2 constant alternating lcad but with an increase in the mear
load with each cycle until either the rivet strength is reached or the
test machine limitation is attained. The loading schedules are showm
in Figs. 6 and 7. Results of the tests are shown in Table H. By
comparison with aluminum slloy rivet tests the A-285 rivets will be
self sealing and the Ti-6A1-LV rivets mey be self sealing.

Al]l leaks occurred at the countersink heads of the rivets.
Slug rivets driven into 82° - 30° countersinks sealed best. A-286
rivets sealed well at both roum temperature and at LS0°F, whereas
Ti-€A1-LV rivets 414 not seal as well at 450°F as at room temperature.

fqueezed rivets sealed more consistently than did the gun driven
rivets,

In-Place Tube Welding

Seventy specimens have been in-place fusion welded and will
be mechenically tested. The jJoint designs and materials are listed
in Table I and Fig. 8. Both visval and radiographic examination
indicated satisfsctory weld quelity. Some randomly scattered internal
porosity, approximately 0.00%5 - 0,030 inch in diameter was found in a
few specimens. These specimens are of particulsr interest becsuse
previous tests have indicated this type and quantity of perosity to
have no effect on cyclic pressure and fatigue life. The additional
data from the current series of tests will provide further basis for
establishing defect allowables.

Fasion Welding of Ti-LAl1-3Mo-1V Plate

Result of tensile tests of fusion welds in 0.25 inch thick
Ti-%A1-3Mo-1V p.ate are shown in Table J.

1609 Mockups

The Engineering releases for the outboard wing leading edge
mockup were completed November 2, 1965. Constructicn of the mockup is
in work with completlon scheduled for December 19, 1966. The remainder
o